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Abstract 
The Water distribution of the town of Constantine resulting from the water Hamma resources is supersaturated with calcium 
carbonate, salt not very soluble and is the predominant component of scales deposited from natural water. This water has a 
hardness of 59°F. During their movement, these waters give rise to the phenomenon of scaling which lead to economical 
problems because of the low thermal conductivity of the solid layer. This decreases the operating efficiency in heat transfer 
exchangers and can even cause serious failures of industrial facility. Also, the increase of this layer involves decrease of flow and 
can cause the seizing of the valves and taps. In this work we studied the effect of the temperature and concentration of two scale 
inhibitors K2HPO 4 and K3PO 4 to reduce the scaling power for Hamma hard water. Calcium carbonate was deposited by 
electrochemical reduction of oxygen at negative potential (-1V) and studied on metal electrode by chronoamperometry technique. 
The study of the curve of chronoamperometry showed that, for the water of Hamma, the time of scaling is 13.7 minutes at 30°C. 
Furthermore, the increase of temperature decreases the value of  time of scaling. The addition of 3mg/L of K2HPO4 and 2.5mg/L 
of K3PO4 ,the resulting curve becomes a right and prevent of scaling. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of  ISWEE’11 
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1. Introduction 
In calcareous soils, the underground water of the Hamma is supersaturated of calcium carbonate, salt not very 
soluble and lead to phenomenes of scaling. the precipitation of an insulating layer of calcium carbonate on the walls 
of the water distribution have serious consequences technique and economic [1] ,  reduced heat transfer in heat 
exchangers, limit the efficiency of these devices (valves and taps) by decreasing the flow rate in the pipes. 
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The maintenance of the facilities or the replacement of pipes very expensive. Several methods significant the 
furring capacity of a water [2] while using either the thermodynamics but it informs us neither about the speed of 
scaling or about the reality of the phenomenon. Several chemical processes [3-5] and by nanofiltration [6-8] were 
used to limit the precipitation of the scale deposit.  Another proposed technique for scale prevention in industrial 
water supply is by dosage of ions [9-10] but the experimental conditions were often different from those 
encountered in natural waters. In this work, we present a study to quantify the scaling of a drinking water by a 
chronoamperometry technique and the effect of  temperature and concentration of two scale inhibitors K2HPO4  and 
K3PO4 on calcium carbonate in Hamma water.
2. Material and methods: 
Various methods have been developed in order to study scaling. Some of them are of chemical types whereas others 
are of electrochemical type using techniques like: chronoamperometry, chronoelectrogravimetry, and 
impedancimetry. The electrochemical techniques are founded on the controlled formation of calcium carbonate 
deposit on a working electrode through the electrochemical reduction of the dissolved oxygen. 
The chronoamperometry method is used in this work (Ledion et al. 1985) [11]. It consists of cover with calcium 
carbonate a metal surface carried to a fixed negative potential (-1V) compared to a reference electrode. The negative 
potential carry dissolved oxygen is reduced on to the metal surface, according to the electrochemical reactions as 
follows: 
O2   +   2H2O   +  4e-                       4 OH-                                                                                                     (1)
2H2O    +    2e-                          H2 (g)  +  2OH-                                                                                            (2)
The production of hydroxide ions in the vicinity of the electrode, from O2 reduction increases the local pH [12] 
and forces calcium carbonate to precipitate in a solid crystalline phase according to the chemical reaction: 
HCO3-    +   OH-                    CO32-    +   H2O                                                                                              (3)
The product (Ca2+) (CO32-) increases and there is precipitation of CaCO3 on the surface of the electrode.   
OH-   +  Ca2+  +  HCO3-                     CaCO3(s)  +   H2O                                                                             (4)
The scheme of the experimental arrangement is presented in the Figure 1. chronoamperometrie technique was 
conducted in a conventional three-electrode cell with a double wall in glass was used to set the temperature at  20-
50°C. Its large volume (500 ml) allowed avoiding variations of species concentrations during the deposits formation. 
The working electrodes were steel XC 10 with 1.003 cm2 area. The steel surfaces were polished [13] with silicon 
carbide paper (P 400).Versus the saturated calomel electrode (SCE). A large platinum grid was used as counter 
electrode. The solution under stirring (400 rpm) using a magnetic stirrer. 
Electrochemical experiments were driven under potentiostatic conditions using RADIOMETRE PGP 201 
interface (Potentiostat/ Galvanostat (PG)) at -1 V/SCE controlled by a microcomputer. 
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Fig. 1: Experimental arrangement 
1-Pilot computer equipped with software,  2-Potentiostat-galvanostat, 3-Cover electrode holder,4-Door plug-
sample, 5-Platinum electrode,  6-Electrode work: pellet steel XC10 (1.003cm diameter) embedded in a resin 
chemically inert, 7-Electrode calomel reference electrode, saturated KCl, 8-Cell thermostatted glass 500ml 
capacity, 9-Bar magnet, 10-Magnetic stirrer. 
3. Results and discussion  
3.1. Physico-chemical characterization water of Hamma 
In Table 1, the physico-chemical results of the analysis of the water of Hamma are reported. 
Table 1: Analysis of water of Hamma 
                                             
Parameter                              Water of Hamma 
T, °C                                                     30-32 
pH                                                      6.95-7.40 
CE, mS/cm                                        0.89-1.06 
O2 dissous mg/L                                      7.55 
HCO3-, mg/L                                     340-360 
TH, mg/L CaCO3                                               515-590 
Ca2+, mg/L                                        158-168 
Mg2+, mg/L                                         29-41 
Cl-, mg/L                                               125 
SO42- mg/L                                                278 
   
It should be noted that the water of Hamma is naturally rich in minerals. Moreover, it contains calcium and 
magnesium. Therefore, it is of high hardness. 
3.2. Scaling power 
Chronoamperometric curves referring Hamma waters are presented in Figure 2 at 30°C. One plots the curve     I 
= f (t). This curve is exploited in order to define a time and an index of scaling .  
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Time of scaling ( tE ) defined by the intersection of the inflexion tangent with the time scale in abscissa 
 (Figure 2). The index of scaling is defined by:  
   
IE =
1000
tE(min)
This index makes it possible to classify water as follows:           
• 100<IE<1000: extremely scale-forming water. 
• 15< IE<100: very scale-forming water. 
• 5< IE<15: medium scale-forming water. 
• 0,5< IE<5: slightly scale-forming water. 
Initially, an increase in the current is observed, when the potential is applied the system needs a few seconds to 
reach dynamic equilibrium to allow the diffusion layer which is related to the dissolved oxygen reduction to be 
established [14] . The presence of OH- ions increases the pH and CaCO3 nuclei grew on the electrode surface. The 
current clearly decreased is observed as the active electrode surface is progressively blocked by precipitation of 
CaCO3. The current limiting value It was shown that this stage progressively lad to almost total blocking of the 
active surface for oxygen reduction. There are continuation of nucleation and growth of the Crystal. 
The scaling time (tE) obtained for is about 13.7min for Hamma water with a scaling index (IE = 72.99) and a 
residual current   (I R) of 0.0377mA. So we can classify the Hamma waters is an very scale-forming. 
    
Fig. 2: Chronoamperometric curves of Hamma raw water at 30°C 
3. 3. Effect of temperature on the scaling power 
The accelerated scaling tests using the water of Hamma at various temperatures (20°C, 30°C, 40°C and 50°C), 
gave the chronoamperometric curves of the Figure 3.The curves obtained at −1.0 V/SCE confirmed the well known 
favorable role of temperature upon calcareous deposition [15]. It decreases the solubility of dissolved oxygen and 
increases the speed of the electrochemical reactions [16]: 
O2   +   2H2O   +  4e-                       4 OH-                                                                                                   (1)
2H2O    +    2e-                          H2 (g)  +  2OH-                                                                                          (2)
The reaction of O2 reduction (Equation. 1) is accelerated by an increase in the temperature. For the Hamma water 
we observed a reduction in the time of scaling when the temperature increases Table 2. For this, the scaling time 
decreases from 30.9 to 5.8 min when the work temperature increases from 20 to 50°C (Table 2).When the 
temperature increases the scaling time becomes shorter, meaning that the electrode surface is rapidly blocked and 
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water extremely scale-forming. Moreover, it should be noted that  the most significant effect of temperature was 
registed between 20°C and 30°C, which indeed a reduction of tE  from 30.9 to13.7 min and an increase from IR  from 
19.74 µA to 37.31µA. The residual current lower the scale is more compact. 
Fig 3: Chronoamperometric curves in Hamma raw water for different temperatures 
Table 2: Effect of temperature on the scaling time, residual current of the Hamm water 
Temperature(°C)            tE (min)                Ir (µA) 
20                                   30.9                     19.74 
30                                   13.7                     37.31 
40                                   12.4                     22.73  
50                                    5.8                      15.50 
3. 4. Scale inhibition by K2HPO4 
 Figure 4 presents the chronoamperometric curves obtained in Hamma water at 30°C in the presence of K2HPO4 
for different concentrations. 
      The study of the curves showed that for raw water the scaling time was13.7 min and in the presence of 0.1mg/L 
of K2HPO4 became 21.3min.When the concentration of K2HPO4 increases (curve 8), the shape of curve is modified. 
It is noted that the scaling time increases with the concentration of K2HPO4, from 2.5 mg/L of K2HPO4 the scaling 
time becomes practically infinite. The calcium carbonate does not adhere more to the electrode of work. With an 
addition of 3 mg/l of  K2HPO4 the curve becomes practically a line, which represents the total inhibition of scaling. 
The residual current measures the speed to which dissolved oxygen it reduces to the electrode of work covered 
with the calcium carbonate deposit. More the deposit is compact oxygen can diffuse through this film isolating and 
more the residual current is lower [16]. It varies with the addition of K2HPO4, nevertheless the residual current is 
higher for 2mg/L (58.16µA) (Table 3) indicating the high porosity of the precipitate. 
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Figure 4: Chronoamperometric curves obtained for the Hamma water with K2HPO4 at 30°C  
Table 3: Evolution of the scaling time and the residual current in the presence of K2HPO4 additive at 30°C 
Concentration of K2HPO 4 (mg/L)          tE  (min)            Ir  (µA) 
0.1                                                             21.3                  28.79 
0.4                                                             35.4                  14.25 
0.8                                                             41.8                  11.49 
1                                                                50.1                  14.30  
2                                                                56.6                  58.16 
2.5                                                             ∞                      177.77 
3                                                                ∞                       295.38 
3. 5. Inhibition of scaling by K3PO4 
 K3PO4 was added to Hamma water at different concentrations (0.1, 0.4, 0.8, 1, 1.5, 2, 2.5) mg/L. 
Chronoamperometric curves are presented in Figure 5 at different concentrations of K3PO4 at 30°C.  
From this figures we observed that the scaling time increases with the concentration of K3PO4 (Table 4). Moreover 
it should be noted that the inhibiting effect appeared starting from an addition of 0.1mg/L of K3PO4 where there is an 
increase of one and half of tE from the raw water. With the same concentration of K2HPO4 no difference was 
observed. The curve becomes a line for an addition of 2.5 mg/L of K3PO4.   
The scaling time becomes infinite and the total inhibition of scaling. 
The residual current shows low values to 1.5mg/L of added K3PO4 but from 2 mg/L K3PO4 residual current reaches 
higher values, the characteristics of the deposit formed in the presence of phosphates changed, to be more porous 
and less compact (Table 4). 
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Figure 5: Chronoamperometric curves obtained for the Hamma water with K3PO4 at 30°C 
Table 4: Evolution of the scaling time and the residual current in the presence of K3PO4 additive at 30°C 
Concentration of K3PO 4 (mg/L)          tE  (min)            Ir  (µA) 
0.1                                                         21.2                  30.34 
0.4                                                         29                     14.09 
0.8                                                         39.2                  16.54 
1                                                            45.6                  18.18  
1.5                                                         51.7                   23.15 
2                                                            66.2                   109.912 
2.5                                                           ∞                     293.56 
The inhibiting effect of compounds (K2HPO4 and K3PO4) appears by their adsorption on the nuclei of calcium 
carbonate can be formed, therefore, have to slow to block the precipitation of calcium carbonate like disorganizing 
the deposit formed while making it more porous [2].   
3. 6. Effect of the concentration of K2HPO4 and K3PO4 on water of Hamma treated at 50°C 
Chronoamperometric curves obtained for successive additions of K2HPO4 and K3PO4 are presented in (Figure 6) 
and (Figure 7) with different concentrations at 50°C. 
Fig 6: Chronoamperometric curves obtained for the Hamma water treated with K2HPO4 at 50°C  
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Figure 7: Chronoamperometric curves obtained for the Hamma water treated water with K3PO4 at 50°C 
For tests in the presence of 0.1 mg/L of K2HPO4 and K3PO4 at 30°C the scaling time are respectively 21.3, 
21.2min (Tables 3and 4) for the same concentration of K2HPO4  and K3PO4 at 50°C the scaling time decrease 
respectively 10.1, 13.7min (Tables 5 and 6). The scaling time becomes infinity in the presence of the 4mg/L of 
K2HPO4 and 3mg/L of K3PO4 at 50°C. The residual courant is higher with 4 mg/l for K2HPO4 (167.71µA) and of 
3mg/L for K3PO4 (96.27 µA). The deposit formed in the presence of phosphates to be more porous and less compact. 
The effective concentrations for the total inhibition of CaCO3 with 50°C is of 4 mg/l for K2HPO4  and of 3mg/L for  
K3PO4. It is to be noted that the effectiveness of inhibition decreases when the temperature increases. 
Table 5:  Evolution of the scaling time and the residual current in the presence of K2HPO4 additive at 50°C 
Concentration of K2HPO 4 (mg/L)          tE  (min)            Ir  (µA) 
00                                                              6                    15.50 
0.1                                                          10.1                     19.08 
1                                                             18.1                  22.51 
2                                                             21.5                  25.02  
3                                                            36.1                   96.27 
4                                                              ∞                   195.33 
Table 6:  Evolution of the scaling time and the residual current in the presence of K3PO4 additive at 50°C 
Concentration of K3PO 4 (mg/L)          tE  (min)            Ir  (µA) 
00                                                              6                   15.50 
0.1                                                           13.7                16.83 
1                                                              20.0                  9.02 
2                                                              26.3                 36.62 
3                                                               ∞                   167.71 
4                                                               ∞                   215.32 
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4. Conclusion  
The results show that: 
The method of electrodeposition by chronoamperometry was used to classify the Hamma water is a very scale-
forming. 
The scaling time decreased with increasing temperature. The decrease in the temperature can considered the Hamma 
water as extremely scale-forming. Chronoamperometry demonstrate the inhibitory effect of K2HPO4 and K3PO4 on 
the precipitation of calcium carbonate. Accelerated scaling tests shows that the effect of K2HPO4 and K3PO4 lead to 
an increase in the scaling time  and inhibition of scale is manifested by an addition of 3mg/L of K2HPO4 and an 
addition of 2.5 mg/L of K3PO4 . These inhibitors are adsorbed on CaCO3 by blocking the growth sites of crystals or 
forming deposits more porous and less compact 
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